Abstract In this article we use the modular decomposition technique for exact solving the weighted maximum clique problem. Our algorithm takes the modular decomposition tree from the paper of Tedder et. al. and finds solution recursively. Also, we propose algorithms to construct graphs with modules. We show some interesting results, comparing our solution with Ostergards algorithm on DIMACS benchmarks and on generated graphs
Introduction
Today graphs can be used in variety fields, such as biology, chemistry [3, 5] , data analysis, mathematics and others, as a structure of data. Due to enormous expand of information, the size of graphs for analysis is increasing, it can be hundred, thousand and even hundred of thousands vertices. Since the computational time of any algorithm on graphs depends on its size, it has become a great problem for community. There are many graph decomposition techniques to reduce a graph to its smaller fragments; one of them is modular decomposition. In this article we use the fastest algorithm for constructing modular decomposition proposed by Tedder et. al [6] . It creates a modular decomposition tree for any input graphs in linear time. Then we use this tree to solve the maximum clique problem on graphs from DIMACS benchmarks using Ostergards [4] algorithm, and compare computational time with Ostergards algorithm without modular decomposition technique. Also, we construct some other types of graphs, such as co-graphs and graphs of mutual simplicity.
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Modular decomposition algorithm
Module M of graph G(V, E) is a subset of vertices, where all of them have the same neighbors outside the set. For example, on the figure 1 vertices a, b, c is a module, because each has one common neighbor vertex d. Also vertices f and e construct a module with common neighbors d and g. As it seen from example, inside module vertices can be connected and/or disconnected. It results in three types of modules: parallel, series and prime. The first one describes module, where all of his vertices are disconnected, so it is basically an independent set. Whereas the second one is characterized by connected vertices. Finally, the third one relates to the set in which not all vertices are connected. The modular decomposition technique suggest reducing module to one vertex with some changed quality, for example it can be weight, label or color depends on problem, and after finding all modules and reducing them, we get graph with less vertices. So first, we take module a, b, c and make one vertex abc figure 2, than reduce module e, f to vertex ef . As result the input graph has 4 vertices figure 3.
Tedder et. al. proposed a linear algorithm for constructing modular decomposition tree in which the root represents input graph, its children represent strong modules (modules which do not overlap each other), after that each model decomposes to its strong module and so on, leaves of this tree are ver- 
Maximum clique problem
Clique C of a graph G(V, C) is a subset of vertices which all of them are connected to each other. Maximum clique (MC) is a clique which has a maximum size or weight, if there are weights to vertices. MC problem is the NP-hard problem so why increasing the size of the input graph leads us to increasing computational time of any exact solver exponentially.
4 The maximum clique solver based on the modular decomposition tree There are tree types of nodes: parallel, series and prime. When it finds node with the parallel type, it returns max of solution for its children, because they are not connected and cannot become a clique. When it finds nodes with the series type, it returns sum of children, as they are all connected. If the node i type is prime algorithm constructs a new graph, which has n i vertices (n ithe number of modules for node i), connects them as in input graph and gives them weights as results of calculation of MC problem and then solve it using some general algorithm for weighted maximum clique problem. In our case we use Ostergard's algorithm, because it easily implements in our algorithm, due to input data. Our approach was to create such algorithm and compare it with some known solver, like Ostergard. In this article we show results against Ostergard, because it was used inside suggested approach. Let's consider the graph in figure 1 and its modular decomposition tree from diagram 1. Our algorithm goes to leaf a and rerurns 1, because there is no weight to vertices, also from leafs b and c it returns 1, then the algorithm goes to the node with the type series and returns 3 as sum of 1, 1, 1. At leaf d and g it returns 1. At the parallel node it returns also 1, because node e and node f have the same weight, if they have different weight, it will return maximum. After that at the node with type prime it constructs graph with 4 vertices with weight 3, 1, 1 and 1 and the structure as at the figure 3, use solver and gets a solution maximum clique a, b, c, d with weight is equal 4. 
Results on DIMACS benchmarks
After using the algorithm of Tedder et al on DIMACS benchmarks, it was found that only few of graphs has modules, so we compare results only with them. See table 1.
As can be seen from the result table our algorithm is faster only on c−f at200− 5, and after analysis of MD tree of this graphs, we found, that for this particular graph MD tree contains only parallel and series types of nodes. So we thought that we can create such structures to test on them. 6 Algorithms for generation graphs with modules
In this article there are two proposed algorithms to generate graphs, which in their MD tree contains only parallel and series types of nodes. It helps us to find a solution on each node easily.
Graphs of mutual simplicity
Graph of mutual simplicity generate as follows, we connect two vertices i and j only if their greatest common divisor equals to 1, for example see 5. Diagram 2 MD tree for graph of mutual simplicity with 8 vertices
Co-Graphs
In this case we try to build MD tree by recursively partition giving nodes to modules and randomly assign its type as parallel or series. The algorithm works as follows: Table 2 Results on graphs mutual simplicity Table 3 Results on Co-Graphs
Conclusion
As can be seen from the result our algorithm works faster on graphs without prime nodes in the MD tree. It happens due to necessity to construct a subgraph and call different solver for it to calculate the maximum clique at this step. Also you can notice that the construct of MD tree takes the significant amount of calculation time, though algorithm is linear.
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